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Description 

[0001] The present invention concerns improvements 
relating to interfacing optical transmission structures 
and more particularly, thought not exclusively, to an ap- 
paratus for coupling a first optical transmission means, 
such as an optical fibre, embedded within a composite 
such as an aircraft panel to a second optical transmis- 
sion means, such as an optical fibre, external to the 
composite. The present invention also concerns such 
an apparatus which can provide a coupling in a minimal 
number of steps thereby simplifying the coupling proce- 
dure. 

[0002] The phrase 'embedded within a composite 1 in 
the context of the present invention is intended to mean 
that, at a possible point of connection, the article is com- 
pletely surrounded by the composite and is located be- 
neath the exterior surfaces of the composite after man- 
ufacture. Such an embedded article is not exposed to 
the exterior surface and can only be accessed by enter- 
ing the interior of the composite. 
[0003] The term 'composite' as used herein is to be 
construed broadly, in that it is directed to any support 
structure for carrying a light transmission means. Typi- 
cal composites are aircraft panels, and other supportive 
structures made from plastic materials, carbon fibre, 
glass or metal for example and include mu it i-Iayer struc- 
tures. 

[0004] The use of optical fibres and advanced com- 
posites is becoming more accepted in the aircraft indus- 
try over the previous systems of lightweight metals and 
electrical wiring. There are many advantages to the use 
of optical fibres, such as reduced weight, elimination of 
electromagnetic problems, such as noise pick up and 
incidental radiation of signals, lower raw material costs, 
and elimination of potentially dangerous conductive 
paths. Whilst these advantages are clearly desirable, 
the use of optical systems in aircraft has its own specific 
characteristics, different to those associated with con- 
ventional systems, which have to date slowed accept- 
ance of this new technology. 

[0005] Fibre optics embedded in composite struc- 
tures can provide elegant distributed and embedded 
sensing functions (e.g. of strain, temperature) as well as 
the potential for embedded communications links. De- 
spite the proven functionality of such embedded optical 
fibre structures, problems remain as to the best way of 
interfacing (i.e. launching and extracting light) to/from 
the embedded optical fibres. One way, described in US 
5,299,273 involves attaching a relatively large optical 
connector to a composite laminate part having an optical 
fibre embedded therein. The optical connector is at- 
tached by trimming the structure across the path of the 
optical fibre thereby exposing an end of the fibre that 
lies flush with the surface of the structure. Then the op- 
tical fibre is polished and the connector is fitted using 
micro-positioning techniques to correctly align the con- 
nector and optical fibre. 
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[0006] Other current solutions include allowing deli- 
cate embedded fibres to emerge from the structure sur- 
face or edge (so called 'flying leads'), or embedding fibre 
connectors in a surface of the composite at the ends or 

5 sides of embedded optical fibres for subsequent con- 
nection to external optical devices or other optical fibres. 
Examples of the latter type of coupling are shown in US 
5,809,197 and in the paper by S. Meller, J. Greene, C. 
Kozikowski, K. Murphy, R. Claus, "Polymer and Metal- 

10 Matrix Composite- Embedded Optical Fibres for Avion- 
ics Communications Links," SPIE Proceedings, Vol. 
3042, pp. 383-388, 1997. 

[0007] The provision of 'flying leads' is problematical 
in that these are potential single points of failure during 

15 use of the composite. As well as being prone to damage, 
the fibres must be managed during composite manufac- 
ture (lay-up) which will increase manufacturing com- 
plexity, time and cost. Likewise, the provision of conven- 
tional embedded connectors at the composite surface 

20 can also complicate the manufacturing process partic- 
ularly since these embedded connectors tend to be rath- 
er bulky and require careful protection. Additionally, res- 
in accretion can occur round these connectors (and also 
in the case of flying leads) which can lead to embrittle- 

25 ment and contamination effects. 

[0008] Generally, all of the above methods suffer from 
the problems of potential damage to the optical fibres 
emerging out of the composite and to the embedded 
connectors present at the surface of the composite 

30 when the composite needs to be finished' in its manu- 
facturing process. These problems have hindered the 
universal acceptance of embedded optical fibre sys- 
tems within the aircraft industry. 

[0009] UK Patent Application No. 9812109.8, pub- 

35 lished as GB-A-2,322,479, to Advantest Corporation de- 
scribes a method of connecting an optical fibre provided 
in an optical mother board to an optical fibre provided in 
an optical daughterboard. The optical fibre in the mother 
board terminates with a 45° angled face that reflects 

40 light into the optical fibre of the daughter board. Alter- 
natively, the optical fibre in the mother board may termi- 
nate with an upright face and a prism shaped mirror may 
be used to reflect light into the optical fibre provided in 
the daughter board. 

45 [0010] It is desired to overcome or at least substan- 
tially reduce the above described problems. 
[0011] It has been appreciated that embedded optical 
connectors need not be exposed at a surface of the 
composite until after manufacturing processes, such as 

so trimming and routing, on the composite have been com- 
pleted. Once these manufacturing processes are com- 
plete, the embedded optical connector can be located 
and a passageway to it formed in the composite. In this 
way, the above described problems can be substantially 

55 alleviated. 

[0012] More specifically, according to one aspect of 
the present invention there is provided a composite 
comprising: an optical transmission means embedded 
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within a carrier; and a high-quality optical interface sur- 
face provided within the carrier in connection with the 
optical transmission means, the optica! interface sur- 
face providing a means for optical connection to the 
transmission means from outside the carrier; character- s 
ised by a micro -substrate embedded within the compos- 
ite on which an optical processings means is provided 
and secured to the optical transmission means, the op- 
tical processing means being optically connected to the 
optical transmission means for processing light to or 
from the optical transmission means and for providing 
the optical interface surface. 

[0013] The present invention allows the optical trans- 
mission means to be hidden (inaccessible) within the 
composite, until such time as required, namely post 
manufacture of the composite. Then access to the trans- 
mission means can be recovered as required. This con- 
cept of complete embedment and recovery, post-man- 
ufacture also advantageously allows redundancy to be 
built into the composite. Spare embedded optical trans- 
mission means and interface optics could be embedded 
within the composite but remain hidden in the structure 
until required, for example if an existing optical trans- 
mission means and interface becomes damaged. 
These links would also be hidden at the time of manu- 
facture of the composite and require no external man- 
agement of delicate trailing leads for example. When a 
new optical communication channel or sensing function 
is required, the location of a selected transmission 
means and its high-quality interface surface can be de- 
tected and an appropriate passageway to the interface 
formed for access thereto. Accordingly, additional links 
and/or sensing functions can be provided without the 
need for additional optical transmission means external 
to the composite. 

[0014] The present invention also provides benefits in 
terms of reduced manufacturing complexity, time and 
cost. The total number of operations required to estab- 
lish a connection may also be reduced as compared to 
the conventional systems. Furthermore, it is considered 
that the present invention will speed the implementation 
of embedded optical fibre systems in the aerospace in- 
dustry. 

[001 5] Whilst there is always some loss with an optical 
coupling, the optical processing means can enhance a 
signal at the optical interface to improve the efficiency 
of the optical coupling. In addition, the light from the 
transmission means can be manipulated to optimise its 
extraction from the composite. 

[0016] The high-quality optical interface surface is 
provided at the time when the first optical transmission 
means is embedded within the composite. The term 
'high-quality optical interface surface' as used in the 
present invention is intended to denote a surface which 
can be coupled to another optical surface and provide 
an acceptable optical interface (having an acceptably 
low level of signal loss) without the need for quality en- 
hancing measures such as polishing of the surface. By 



providing such a high-quality surface, the interconnec- 
tion to the first optical transmission means is made sim- 
pler in that there is no need to provide extra processing 
steps, such as polishing, to create an acceptable quality 
optical interface for light transmission. 
[0017] Providing a micro-substrate on which the opti- 
cal processing means is provided and secured to the 
optical transmission means advantageously provides a 
secure, strain-relieving connection between the optical 
processing means and the optical transmission means. 
Furthermore, the orientation of the optical processing 
means can be controlled as the micro-substrate may be 
more readily alignable than the optical processing 
means itself. 

[0018] The alignment structure is preferably provided 
on the micro-substrate. In this way, a single micro-struc- 
ture need only to be prepared to implement several func- 
tions without the need for other specialist structures. 
This advantageously reduces costs. 
[0019] Optionally, the micro-substrate is formed from 
silicon. 

[0020] Preferably the composite comprises a pas- 
sageway formed within the carrier to the embedded op- 
tical transmission means from an exterior surface of the 
carrier. This is conveniently formed after the manufac- 
turing processes have been completed such that the op- 
tical transmission means and its high-quality optical in- 
terface are not damaged by the processes. 
[0021 ] The composite may further comprise a protec- 
tive plug provided in the passageway for closing the pas- 
sageway; the protective plug being removable prior to 
forming an optical connection. In this way, access to the 
first optical transmission means advantageously can be 
established prior to completion of any manufacturing 
processes on the composite and the optical transmis- 
sion means and its high-quality optical interface can be 
protected by the provision of the plug. 
[0022] When the passageway is to be formed using a 
laser, the composite preferably further comprises 
means for preventing light used in the laser irradiation 
from being optically coupled with the optical transmis- 
sion means. The purpose of such means is to prevent 
any damage occurring to the optical transmission 
means which may be caused by the wavelength of the 
laser radiation. 

[0023] In this regard, the preventing means is prefer- 
ably arranged to differentiate between the wavelengths 
of the light used in the laser machining step and the light 
used in the optical transmission means, and to prevent 
transmission of light used in the laser machining step to 
the optical transmission means. This provides a way of 
preventing optical coupling between the laser light and 
the optical transmission means which advantageously 
uses a minimal number of components. The two wave- 
lengths can be differentiated e.g. by a wavelength se- 
lective mirror or beam splitter. Once the two wave- 
lengths of light can be differentiated, one additional way 
of preventing the optical coupling is for the preventing 
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means to be arranged to transmit the light used in laser 
the machining step to at least one light beam absorbing 
means provided within the composite. 
[0024] In order to determine the location of the optical 
transmission means and its interface, the composite 
may further comprise an embedded detectable location 
means arranged to indicate the location of the high-qual- 
ity optical interface surface within the composite. This is 
useful when the material of the composite and the opti- 
cal transmission means are not easily differentiated by 
the locating process. 

[0025] The locating means may comprise an embed- 
ded position marker within the carrier. In addition, the 
composite may comprise a depth marker also embed- 
ded within the carrier to indicate when the passageway 
has been formed to the correct depth. This is particularly 
useful in laser machining where the light used for abla- 
tion can also be monitored for reflection to determine 
when a reflective marker representing a correct depth 
has been reached. 

[0026] In an embodiment of the present invention, the 
depth marker comprises the position marker and hence 
the number of additional components is advantageously 
reduced. Also, the position marker or the depth marker 
may comprise a sacrificial coating which is arranged to 
be removable after formation of the passageway to ac- 
cess the optical transmission means. In this way, the 
precise depth of the passageway can be controlled with 
high accuracy. 

[0027] The optical transmission means may comprise 
a thermal expanded core optical fibre at is optical inter- 
face surface. This reduces the alignment constraints at 
the point of interconnection thereby easing the intercon- 
nection process. 

[0028] The composite may further comprise an align- 
ment structure embedded within the carrier for aligning 
an interface means with the optical transmission means 
at the optical interface surface. The use of an alignment 
structure advantageously speeds up the interconnec- 
tion process as an accurate interconnection can be 
made without undue delay which may otherwise be 
caused by the use of other alignment procedures. 
[0029] For example, the optical processing means 
may comprise means for steering a light beam. More 
specifically, the steering means may comprise a beam 
splitter or a micro-turning mirror. The light beam colli- 
mating means may comprise a graded index lens or a 
graded index fibre. All of these different means for ma- 
nipulating the light beam can advantageously configure 
the interfacing process to optimise transmission char- 
acteristics regardless of the desired location of input/ 
output to/from the composite. 

[0030] The optical transmission means preferably 
comprises an optical fibre because this is one of the 
most cost effective and efficient optical transportation 
systems currently available. 

[0031] The composite preferably comprises micro- 
optical components or an assembly of components 
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which are completely embedded along with the fibre at 
the time of manufacture. The micro-optics package 
could be based on a number of technologies. GRIN 
(Graded Index) lenses or fibres could be interfaced (e. 
5 g. spliced) to the embedded system fibre to provide 
beam collimation (for eased alignment to the other half 
of the interface). 

[0032] It is necessary to find' the buried micro-optics 
with the machining laser (or alternative process). How- 
10 ever, the target site could be readily identified prior to 
machining by embedding structures (e.g. metallic coat- 
ings) that would be visible on X-ray of the composite. 
[0033] It is possible for the composite to comprise 
TEC optical fibres, possibly spliced to the embedded op- 
's tical fibre or formed at the end of the system fibre to ex- 
pand the core of the embedded fibre to relax alignment 
constraints at the point of connection. 
[0034] The present invention enables a composite to 
be formed with embedded optical fibres and micro-op- 
20 tical components. The composite can be processed 
through any number of manufacturing steps until a fin- 
ished composite is created. Then by X-ray imaging of 
the composite, the location of the optical fibres and the 
micro-optical components can be determined and mark- 
25 jngs can be provided for subsequent use on the com- 
posite. These markings represent drilling points for ac- 
cessing the embedded optical fibres and the micro-op- 
tical components. 

[0035] Presently preferred embodiments of the 
30 present invention will now be described with reference 
to the accompanying drawings. In the drawings: 

Figures 1 a, 1 b and 1 c are schematic partial section- 
al views of an aircraft composite incorporating an 
35 optical fibre showing different stages of a method 
of interfacing to the embedded optical fibre as de- 
scribed in our co-pending UK patent application; 

Figures 2a and 2b are schematic partial sectional 
40 views of aircraft composites each incorporating an 
optical fibre and an embedded optical port; 

Figure 3a is a schematic partial sectional view of an 
aircraft composite incorporating an optical fibre and 
45 an embedded optical port; 

Figure 3b is a schematic partial sectional view of 
the aircraft composite of Figure 3a showing a meth- 
od of forming a laser machined passageway to the 
50 embedded optical port; 

Figure 4a is a schematic perspective view of an op- 
tical fibre in a polishing block which is used to pre- 
pare the optical fibre for side coupling; 

55 

Figure 4b is a schematic sectional view of the pol- 
ishing block and optical fibre of figure 4a along the 
length of the polishing block; 
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Figures 5a, 5b and 5c are schematic partial section- 
al views of an aircraft composite incorporating the 
polished optical fibre of Figures 4a and 4b showing 
different stages of a method of interfacing to the em- 
bedded optical fibre; s 

Figure 6a a schematic sectional view in a vertical 
plane of an aircraft composite incorporating an op- 
tical fibre and an embedded optical port according 
to an embodiment of the present invention; and 

Figure 6b a schematic sectional view in a horizontal 
plane of the aircraft composite of Figure 6a accord- 
ing to the present invention. 

[0036] Referring to Figures 1a, 1b and 1c, a method 
of coupling an optical fibre 1 0 embedded within a carbon 
fib re aircraft composite 12 to another optical fibre 14 pro- 
vided externally of the composite 12 as set out in our 
co-pending UK patent application, is now described. 
The optical fibre 10 is embedded at the time of manu- 
facture of the composite 12 and is effectively hidden 
from the exterior surfaces 16 of the composite 12 at all 
possible points of connection as the optical fibre 1 0 does 
not extend to a connection surface 16 of the composite 
12. In this way, the connection surfaces 16 of the com- 
posite 12 can be finished in the manufacturing process 
without damaging the optical fibre 10. 
[0037] Figure 1a shows one end 17 of the aircraft 
composite 12, having the optical fibre 10 embedded 
therein, which has been through the finishing processes 
of manufacturing. 

[0038] Although not shown, the other end of the com- 
posite 12 may be similar to that shown in Figure 1a. In 
order to form an optical connection to the embedded op- 
tical fibre 10, the composite 1 2 is scanned by X-rays and 
the results thereof establish the exact location of the op- 
tical fibre 1 0 within the composite 12. It is not necessary 
to provide any special detection feature of the structure 
within the composite, as the location of the optical fibre 
can be readily determined. If image enhancement of the 
embedded structure is required, selective fibre coating 
(prior to embedment) could be used. The results are 
used to determine a drilling point 1 8 for creating access 
to the buried optical fibre 1 0 from the exterior of the com- 
posite 12. 

[0039] Access to the buried optical fibre is established 
in the composite 12 by drilling a hole (passageway) 20 
from the determined drilling point 18 through the com- 
posite 12 as shown in Figure 1b. Hole drilling is an ac- 
cepted production practice and is routinely performed in 
composite manufacturing. The thus formed passage- 
way 20 intersects the optical fibre 10 and severs it. In 
order to reinstate an optical finish on the face of the op- 
tical fibre 1 0, namely to form a high-quality optical inter- 
face at the severed portion 22 of the optical fibre 1 0, the 
severed portion 22 is then polished using a standard pol- 
ishing process which requires no further explanation 
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herein. However, it is to be appreciated that the polishing 
process is carried out from within the passageway 20. 
[0040] A plug connection is then made to the polished 
end 24 of the severed optical fibre 12 as shown in Figure 
1c. More particularly, a connector plug 26 having an in- 
ternal optical transmission path 28 is inserted in the pas- 
sageway 20 and positioned so as to optically align one 
end of the transmission path 28 with the polished sev- 
ered end 24 of the optical fibre 10. The connect plug 26 
functions to introduce/extract light to/from the embed- 
ded optical fibre 1 0 via the internal optical transmission 
path 28. Any alignment technique can be used, but in 
the present embodiment, alignment is built into the con- 
nector plug 26 by use of a three-axis translation micro- 
positioning mechanism (now shown) which moves the 
internal optical transmission path 28 to optimise the op- 
tical coupling before fixing the relative position of the 
path and the plug 26 in the passageway 20 and hence 
the optical alignment. 

[0041] An interface connector 30 is optically coupled 
to the other end of the internal optical transmission path 
28 of the connector plug 26. In its connected state as 
shown in Figure 1 c, an internal optical path 32 within the 
interface connector 30 leads from the con nector plug 26 
to the external optical fibre 14 which is attached to the 
interface connector 30. In this way, an optical connec- 
tion between the embedded optical fibre 1 0 and the ex- 
ternal optical fibre 14 can be established. 
[0042] Whilst the connection between the embedded 
optical fibre 1 0 and the external optical fibre 1 4 has been 
shown at one end 17 of the composite 12, the above 
described connection procedure could be carried out at 
both ends of the composite 12. This procedure would 
connect external optical fibres 14 to either ends of the 
embedded optical fibre 1 0 which has no portion emerg- 
ing from any exterior surface 1 6 of the composite 1 2. In 
this way, an optical fibre 10 completely encased within 
a composite 1 2 can be used for the transmission of op- 
tical signals or the sensing of environmental conditions 
to which the composite is exposed. 
[0043] In an alternative (not shown) to the above de- 
scribed interconnection method, alignment constraints 
can be eased by using an expanded core fibre, such as 
a TEC (Thermally Expanded Core) optical fibre, at the 
interface site where the embedded optical fibre 10 has 
been severed. More particularly, the TEC optical fibre is 
spliced onto the optical fibre 10 and embedded within 
the composite. When the composite is scanned, the X- 
ray results identify the TEC optical fibre portion and the 
location of the drilling point 18 is set to create a pas- 
sageway which will intersect this portion. 
[0044] Referring now to Figure 2a, some features of 
the present invention are described. As there are some 
similarities between the interconnection of this embod- 
iment and the above described interconnection method, 
the following description will be directed to the differenc- 
es between this embodiment and the above to avoid un- 
necessary repetition. 



EP1 247 129 B1 



15 



20 



25 



30 



35 



40 



45 



50 



5 



EP001 2471 29 [ http:/ArtAftAv.getthepatentxom/Login.dog/Saerbrecht/@038665°/o2E50769US/Fetch/EPO0 1 2471 29.cpc?fromCache= 1 part=maintoolbar= Page 6 of 1 6 



9 EP 1 247 129 B1 10 



[0045] A composite panel 40 including an embedded 
optical fibre 42 is used. The optical fibre 42 has a micro- 
optical component 44 provided at one end thereof which 
is also completely embedded within the composite pan- 
el 40 at the time of its manufacture. The micro-optical 
component 44 comprises e.g. a GRIN (Graded Index) 
lens which is bonded or fused to the embedded optical 
fibre 42 to provide beam collimation for eased alignment 
with another half of the interface (plug connector 26 and 
interface connector 30 as in the first embodiment). Al- 
ternatively, the GRIN lenses can be replaced by an ap- 
propriate length of GRIN (Graded Index) fibre. 
[0046] Priorto finishing of the manufacturing process- 
es on the composite panel, the location of the micro- 
optical component 44 is determined by use of an imag- 
ing technique such as X-ray scanning and a passage- 
way 46 to the micro-optical component 44 is formed, by 
drilling for example. The passageway 46 in this embod- 
iment is formed in-line with the micro-optical component 
44 via an end face of the composite 40. The thus formed 
passageway 46 is then temporarily sealed with a pro- 
tective plug 48 to protect the embedded micro-optical 
component 44 from the subsequent composite finishing 
processes. Once the finishing processes have been 
completed, the plug 48 can be removed to provide ac- 
cess to the buried micro-optical component 44 and 
hence the embedded optical fibre 42. Removal of the 
plug 48 thereby provides an interface port to the embed- 
ded optical fibre 42 via an embedded high-quality optical 
surface 50 provided by the micro-optical component 44. 
Links to the outside world are then installed using a con- 
nector plug and interface connector (not shown) in a 
similar way to the first described interconnection meth- 
od. 

[0047] If required, the high-quality optical surface 50 
can be covered with a protective coating (not shown) 
which is removable by chemical etching for example, 
just priorto forming the optical connection. In addition, 
whilst GRIN lenses have been used in the above de- 
scribed embodiment, it is also possible to replace these 
with GRIN fibres that perform essentially the same op- 
eration. 

[0048] Further features of the present invention are 
now described with reference to Figure 2b. To avoid un- 
necessary repetition, only differences with what has pre- 
viously been described will be discussed hereinafter. 
[0049] In Figure 2b, it is desired to connect to the em- 
bedded optical fibre 42 from an upper side face 52 of 
the composite 40. Accordingly, the micro-optical com- 
ponent 44 is provided with a micro-turning mirror 54 for 
controllably steering the direction of light emitted from 
the embedded optical fibre 42 via the micro-optical com- 
ponent 44. In the present embodiment, the light is re- 
flected and turned through 90° using the micro-turning 
mirror54havinga45° mirror angle. As the resultant light 
beam is steered towards the upper side surface 52 of 
the composite 40, a passageway 56 is provided from 
the upper side surface 52 of the composite 40 to the 



micro-turning mirror 54. The passageway 56 is then 
sealed with the protective plug 48 until the manufactur- 
ing processes being carried out on the composite 40 
have been completed as in the previously described first 
s embodiment. The formation of ports could be performed 
after composite finishing, where the plugs merely pro- 
vide protection of the interface until some later time 
when the connection is made. 

[0050] An alternative light beam processing element 

10 to the micro-turning mirror 54, which could be used if 
required to provide beam steering, is a beam splitter (not 
shown). Other micro-optical structures that could be em- 
bedded include gratings, wave-guides, evanescent cou- 
plers, wave-plates, holograms and optical filters. These 

is structures could be involved in system interrogation as 
well as providing an optical interface. 
[0051] Referring now to Figure 3a, more features of 
the present invention are now described Again, only dif- 
ferences will be described hereinafter. In Figure 3a, the 

20 composite is manufactured and finished without any 
pre-formed and plugged passageway to the optical 
processing element. Rather, the passageway is only 
formed after manufacture of the composite has been ful- 
ly completed. More specifically, the composite panel 40 

25 comprises an embedded optical fibre 42, beam col! inflat- 
ing micro-optical component 44 and a beam turning mir- 
ror 54 as in the second embodiment. However, the turn- 
ing mirror 54 has specific wavelength selectivity as will 
be described in detail later. The composite also com- 

30 prises a machining beam stop 58 provided at an under- 
side of the turning mirror 54 and a metallic position mark- 
er 60 which is readily detectable by an imaging tech- 
nique. 

[0052] Once the composite has been completed, it is 
35 X-rayed to determine the precise location of the position 
marker 60. A drilling point (not shown) is determined and 
marked on the composite surface. Then a precision la- 
ser machining technique as illustrated schematically in 
Figure 3b is used to create a passageway 62 from the 
40 drilling point through the composite 40 to the position 
marker 60 and the turning mirror 54. An Eximer laser 
(for example) together with focusing optics 64 are used 
as it allows accurate and controlled ablation of compos- 
ite panel material (e.g. carbon fibre) on a pulse by pulse 
45 basis. 

[0053] This approach requires protection of the em- 
bedded optical fibre 42 and micro-optical component 44 
to ensure that they are not damaged during the laser 
machining process. Accordingly, the top surface of the 

50 turning mirror 54 is provided with a protective sacrificial 
coating 66 that can be removed by the Eximer laser after 
the passageway 62 has been formed. The coating 66 is 
metallic and aids the machining process because the 
light reflectivity of the bottom of the passageway 62 is 

55 monitored during its formation such that it is possible to 
determine when this coating 66 had been reached, 
namely when the passageway is at the correct depth. 
Then the laser can be set to remove a predetermined 
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thickness of material corresponding to the thickness of 
the protective coating. Alternatively, the coating can be 
made of a material such as copper which can be selec- 
tively ablated by the laser (due to specific light wave- 
length absorption characteristics) or selectively chemi- s 
cally etched without damaging the surfaces of the car- 
bon fibre composite 40. In modification to the present 
embodiment, the position marker (target) 60 can be 
omitted and the metallic coating 66 can provide its func- 
tion as it is readily detectable by the X-ray imaging tech- 
nique. 

[0054] In the present embodiment, the optical trans- 
mission wavelengths and laser machining wavelengths 
are selected to be different. Also, the turning mirror 54 
has a wavelength selective reflectance characteristic to 
ensure that the machining laser radiation is not coupled 
into the embedded optical fibre 42. More specifically, the 
turning mirror 54 has a characteristic which transmits 
the laser machining wavelengths of light and reflects the 
optical transmission wavelengths of light. The absorbing 
beam stop 58 is positioned so as to absorb the laser 
radiation once it has created the passageway 62 and 
has been transmitted through the turning mirror 54. 
[0055] Once the passageway 62 has been created, 
the connection to the embedded optical fibre 42 is car- 
ried out in a similar manner to that described in the pre- 
vious embodiments. 

[0056] Figures 4a, 4b, 5a, 5b and 5c show a coupling 
to an optical fibre 70 effected to a side portion thereof 
to form a so called evanescent coupling. The purpose 
of having evanescent coupling is that it enables a 
branching structure to be created such that the signal 
being transmitted along the optical fibre 70 can be split 
between the existing embedded optical fibre 70 and an- 
other optical fibre 72 external to a composite 74 in which 
the fibre 70 is provided. This form of coupling is used to 
allow side-access to fibres in an efficient way. 
[0057] Figures 4a and 4b show a pre-conditioning 
procedure employed for creating a side coupling to the 
optical fibre 70. The procedure involves placing the op- 
tical fibre 70 in a polishing block 76 which is arranged 
to retain the optical fibre 70 with a side portion 78 slightly 
protruding from a polishing surface 80 of the block 76. 
The protruding side portion 78 of the optical fibre 70 is 
then polished using any standard polishing technique 
which is well known to the skilled addressee. 
[0058] Once the side portion has been polished, the 
optical fibre 70 is embedded within the composite 74 in 
such a way as to facilitate coupling to the polished por- 
tion 78. More particularly, as can be seen clearly in Fig- 
ure 5a, an embedded evanescent coupler block 82 is 
provided at the polished side region 78 to provide sup- 
port for the optical fibre 70 at the predetermined point 
of connection. The optical fibre 70 and the coupler block 
82 are embedded within the composite 74 such that any 
manufacturing processes acting on the exterior surfac- 
es of the composite do not cause any effect to the optical 
fibre 70 or the coupler block 82. 



[0059] In this embodiment, the coupler block 82 also 
acts as a post-manufacture position locator for a cou- 
pling point and is easily detected by the results of an X- 
ray scan of the composite 74. Once the scan is complet- 
ed, a machining point is determined for machining down 
to the coupler block 82 and the composite 74 is ma- 
chined to create a shallow passageway 84 for access 
to the polished side portion 78 of the optical fibre 70 as 
shown in Figure 5b. 

[0060] The thus formed passageway 84 is of a size 
sufficient to house an evanescent interface coupler 
block 86. The interface coupler block 86 supports an end 
of the external optical fibre 72 which also has a polished 
side surface. In order to effect coupling, the interface 
coupler block 86 and the coupler block 82 are connected 
together to optically align the respective polished side 
portions of their optical fibres 70,72. 
[0061] In another embodiment (not shown), the opti- 
cal fibres 70, 72 with polished side portions are replaced 
by D-fibres in the composite 74. D-fibres are similar to 
side polished fibres and have a flat side close to the fibre 
core which gives them a reduced alignment tolerance 
compared to other optical fibre geometries. At a region 
of connection, the D-fibres are provided with support 
blocks for ease of interfacing. 

[0062] An embodiment of the present invention, as 
shown in Figures 6a and 6b, is now described. This em- 
bodiment is similar to the arrangements previously de- 
scribed and, so to avoid unnecessary repetition, only the 
differences are described hereinafter. 
[0063] The principle difference is that, for ease of 
manufacture, the micro-optical component 90 is formed 
on a micro-substrate 92 that is also embedded within 
the composite panel 94. The micro-substrate 92 is 
formed from silicon though alternatively other materials 
can be used. The machining of silicon is relatively easy 
and enables connecting structures such as grooves, 
pockets, reflectors and alignment markers (not shown) 
to be formed. These connecting structures perform two 
connectivity functions. Firstly they enable the micro-op- 
tical component 90 and the optical fibre 96 to be aligned 
and secured together with high precision on the micro- 
substrate 92, and secondly, they enable the combina- 
tion of the micro-optical component 90 and embedded 
optical fibre 96 to be coupled to the external connector 
(not shown) accurately and reliably. The micro-sub- 
strate 92 is embedded at the time of composite manu- 
facture. 

[0064] The micro-optical component 90 can comprise 
lenses/optics/prisms as well as windows or coatings to 
protect their optical surfaces prior to being exposed for 
connection. All of the assembly is embedded during 
manufacture. It can also include target markers for X- 
ray/C-scan location of the assembly. 
[0065] A process that can be used to create alignment 
structures for the micro-optical components 90 is the so 
called LIGA (Ligthographie Galvanoformung and Abfor- 
mung) process which is based on X-ray lithography. 
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This process uses deep X-raying of a resist layer and 
subsequent electroplating to form accurately aligned 
structures. This can provide alignment structures in met- 
als and ceramics and (from a master structure) allow 
high-volume replication in other materials such as com- 
posites manufactured out of strong plastics materials 
such as PMMA (Polymethylmethacrylate) and PEEK 
(Polyetylethylkeytone). The substrate 92 can be formed 
from various processes, this is but one. Other processes 
include etching of silicon or laser machining. The 
aligned substrate 92 and micro-optical components 90 
are designed to be rugged enough to survive both the 
manufacturing process and the operational environ- 
ment of the aircraft/composite structure. 
[0066] Some optical processing elements, especially 
those without rotational symmetry may be susceptible 
to misalignment during the composite cure process. A 
substrate containing these elements would minimise 
such movement. The natural ply structure of the com- 
posite material may also make the substrate lie 'flat* fur- 
ther improving alignment to other structures. 
[0067] Other micro-optical structures that could be 
used as the beam processing elements in the above em- 
bodiments include gratings, wave-guides, evanescent 
couplers, wave-plates, holograms and optical filters. 
These structures could be involved in system interroga- 
tion as well as providing an optical interface. 
[0068] Having described particular preferred embod- 
iments of the present invention, it is to be appreciated 
that the embodiments in question are exemplary only 
and that variations and modifications such as will occur 
to those possessed of the appropriate knowledge and 
skills may be made without departure from the scope of 
the appended claims. For example, whilst X-ray imaging 
is a preferred way of detecting the location of the em- 
bedded optical fibre and/or the micro-optical compo- 
nents, other techniques may also be suitable such as 
ultrasonic imaging. Also, the use of a substrate can 
equally well be used to align an optical fibre and/or the 
micro-optical components, other techniques may also 
be suitable such as ultrasonic imaging. Also, the use of 
a substrate can equally well be used to align an optical 
fibre to an evanescent or D-fibre coupler. 



Claims 

1 . A composite (94; 1 2; 40; 74) comprising: 

an optical transmission means (96; 1 0; 42; 70) 
embedded within a carrier (94; 1 2; 40; 74); and 
a high-quality optical interface surface (24) pro- 
vided within the carrier in connection with the 
optical transmission means, the optical inter- 
face surface providing a means for optical con- 
nection to the transmission means (14) from 
outside the carrier; 
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characterised by a micro-substrate (92) embed- 
ded within the composite on which an optical 
processings means (90; 44; 54) is provided and se- 
cured to the optical transmission means, the optical 
5 processing means being optically connected to the 
optical transmission means for processing light to 
or from the optical transmission means and for pro- 
viding the optical interface surface. 

10 2. A composite according to Claim 1 , wherein the mi- 
cro-substrate is formed from silicon. 

3. A composite according to Claim 1 or Claim 2, further 
comprising a passageway (20; 46; 62; 84) formed 

15 within the carrier to the embedded optical transmis- 
sion means. 

4. A composite according to Claim 3, further compris- 
ing means (58) for preventing laser irradiation light 

20 used in the formation of the passageway from being 
optically coupled with the optical transmission 
means, wherein the preventing means is arranged 
to differentiate between the wavelengths of laser 
light used in the formation of the passageway and 

25 the light used in the optical transmission means, 
and to prevent transmission of light used in the for- 
mation of the laser irradiated passageway to the op- 
tical transmission means. 

30 5. A composite according to any preceding claim, fur- 
ther comprising detectable locating means (60) ar- 
ranged to be used in locating the position of the 
high-quality optical surface from the exterior of the 
carrier, wherein the locating means comprises an 

35 embedded detectable position marker within the 
composite. 

6. A composite according to Claim 5, wherein the lo- 
cating means is provided by the micro-substrate. 

40 

7. A composite according to Claim 5 or 6 as dependent 
on Claim 4, further comprising a depth marker (58) 
embedded within the composite to indicate when 
the passageway has been formed to the correct 

45 depth. 

8. A composite according to Claim 7, wherein the 
depth marker is provided by the micro-substrate. 

50 9. a composite according to Claim 8 as dependent on 
Claim 5, wherein the depth marker comprises the 
position marker. 

10. A composite according to any of Claims 5 to 9 as 
55 dependent from Claim 3 or 4, wherein the position 
marker or the depth marker comprises a sacrificial 
coating (66) which is arranged to be removable after 
the formation of the passageway to access the op- 
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tical transmission means. 

1 1 . A composite according to any preceding claim, fur- 
ther comprising an alignment structure embedded 
within the carrier for aligning an interface means 
with the optical transmission means via the optical 
interface surface. 

12. A composite according to Claim 11, wherein the 
alignment structure is provided by the micro-sub- 
strate. 



Patentansp ruche 

1 . Verbundmaterialkorper (94; 12; 40; 74) mit den fol- 
genden Teilen: 

optische Ubertragungsmittel (96; 10; 42; 70), 
die in einem Trager (94; 1 2; 40; 74) eingebettet 
sind; und 

eine hochqualitative optische Schnittstellen- 
oberflache (24), die innerhalb des Tragers mit 
den optischen Ubertragungsmitteln in Verbin- 
dung steht, wobei die optische Sen nittste lien - 
oberflache Mittel zur optischen Verbindung mit 
den Ubertragungsmitteln (14) von auGerhalb 
des Tragers bildet; 

gekennzeichnet durch ein Mikrosubstrat (92), 
das in dem Verbundmaterialkorper eingebettet 
ist, auf welchem optische Prozessormittel (90; 
44; 54) vorgesehen und mit den optischen 
Ubertragungsmitteln verbunden sind, wobei 
die optischen Prozessormittel optisch an die 
optischen Ubertragungsmittel angeschlossen 
sind, um das Licht nach odervon den optischen 
Ubertragungsmitteln zu verarbeiten und um die 
optische Schnittstellenoberflache zu bilden. 

2. Verbundmaterialkorper nach Anspruch 1 , bei wel- 
chem das Mikrosubstrat aus Silizium besteht. 

3. Verbundmaterialkorper nach Anspruch 1 oder 2, 
der auGerdem einen Kanal (20; 46; 62; 84) enthalt, 
der in dem Trager nach den optischen Ubertra- 
gungsmitteln hin ausgebildet ist. 

4. Verbundmaterialkorper nach Anspruch 3, der wel- 
ter Mittel (58) aufweist, um zu verhindern, daG das 
zur Bildung des Kanals benutzte Laserstrahlungs- 
licht optisch mit den optischen Ubertragungsmitteln 
gekoppelt wird, wobei diese Kopplungsverhinde- 
rungsmittel so ausgebildet sind, daG sie zwischen 
den Wellenlangen des zur Erzeugung des Kanals 
benutzten Laserlichts und den Wellenlangen des 
Lichts unterscheiden, das in den optischen Ubertra- 
gungsmitteln benutzt wird, wobei das zur Bildung 
des Kanals benutzte Laseriicht an einer Ubertra- 



16 

gung auf die optischen Obertragungsmittel gehin- 
dert wird. 

5. Verbundmaterialkorper nach einem der vorherge- 
5 henden Anspriiche, welcher auGerdem nachweis- 

bare Lo kalis ierungsmittel (60) aufweist, die zur Lo- 
kalisierung der Position der hoch-qualitativen opti- 
schen Oberflache von einer Stelle auGerhalb des 
Tragers benutzt werden, wobei die Lokalisierungs- 
10 mittel eine eingebettete nachweisbare Positions- 
markierung innerhalb des Verbundkorpers aufwei- 
sen. 

6. Verbundmaterialkorper nach Anspruch 5, bei wel- 
15 chem die Lokalisierungsmittel durch das Mikrosub- 
strat gebildet werden. 

7. Verbundmaterialkorper nach Anspruch 5 oder 6, bei 
Abhangigkeit von Anspruch 4, welcher auGerdem 

20 eine Tiefenmarkierung (58) aufweist, die in dem 
Verbundkorper eingebettet ist, um anzuzeigen, 
wann der Kanal auf die richtige Tiefe gebracht ist. 

8. Verbundmaterialkorper nach Anspruch 7, bei wel- 
25 chem die Tiefenmarkierung durch das Mikrosub- 
strat gebildet wird. 

9. Verbundmaterialkorper nach Anspruch 8, bei Ab- 
hangigkeit von Anspruch 5, bei welchem die Tiefen- 

30 markierung die Positionsmarkierung bildet. 

10. Verbundmaterialkorper nach den Ansprtichen 5 bis 
9, bei Abhangigkeit von den Ansprtichen 3 oder 4, 
bei welchem die Positionsmarkierung oder die Tie- 

35 fenmarkierung einen Oberzug (66) aufweist, der 
nach der Erzeugung des Kanals entfernbar ist, um 
die optischen Ubertragungsmittel zuganglich zu 
machen. 

40 11. Verbundmaterialkorper nach einem der vorherge- 
henden Anspruche, welcher auGerdem eine Aus- 
richtstruktur aufweist, die innerhalb des Tragers 
eingebettet ist, um eine Schnittstellenanordnung 
mit den optischen Ubertragungsmitteln uber die op- 

45 tische Schnittstellen-Oberflache auszurichten. 

12. Verbundmaterialkorper nach Anspruch 11 , bei wel- 
chem die Ausrichtstruktur durch das Mikrosubstrat 
gebildet wird. 

50 

Revendications 

1 . Un composite (94 ; 1 2 ; 40 ; 74) comportant : 

55 

un moyen de transmission optique (96 ; 10 ; 
42 ; 70) encastr6 dans un support (94 ; 1 2 ; 40 ; 
74) ; et 
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une surface d'interface optique de haute qualite 
(24) fournie dans le support en raccordement 
avec le moyen de transmission optique, la sur- 
face d'interface optique fournissant un moyen 
de raccordement optique au moyen de trans- 5 
mission (14) depuis I'exterieur du support ; 

caracterise par un microsubstrat (92) encastn§ 
dans le composite sur lequel un moyen de traite- 
ment optique (90 ; 44 ; 54) estfourni etassujetti sur 10 
le moyen de transmission optique, le moyen de trai- 
tement optique 6tant raccorde de facon optique au 
moyen de transmission optique pour traiter de la lu- 
miere allant vers le moyen de transmission optique 
ou provenant de celui-ci et pour foumir la surface is 
d'interface optique. 



le marqueur de profondeur est foumi par le micro- 
substrat. 

9. Un composite selon la revendication 8 tel que de- 
pendant de la revendication 5, dans lequel le mar- 
queur de profondeur comporte le marqueur de po- 
sition. 

10. Un composite selon n'importe lesquelles des reven- 
dications 5 a 9 tel que dependant de la revendica- 
tion 3 ou de la revendication 4, dans lequel le mar- 
queur de position ou le marqueur de profondeur 
comporte un revetement sacrificiel (66) qui est 
agenc6 de maniere a pouvoir etre retire apres la for- 
mation du passage pour accgder au moyen de 
transmission optique. 



2. Un composite selon la revendication 1 , dans lequel 
le microsubstrat est forme a partir de silicium. 

3. Un composite selon la revendication 1 ou la reven- 
dication 2, comportant de plus un passage (20 ; 46 ; 
62 ; 84) form6 dans le support menant au moyen 
de transmission optique encastre. 

4. Un composite selon la revendication 3, comportant 
de plus un moyen (58) destine a empecher de la 
lumiere d'irradiation laser utilised pour former te 
passage d'Stre couplee de facon optique au moyen 
de transmission optique, dans lequel le moyen 
d'empechement est agenc6 de maniere a differen- 
cier les longueurs d'onde de lumiere laser utilised 
pour former le passage de la lumiere utilisee dans 
le moyen de transmission optique, et a empecher 
la transmission de la lumiere utilisee pour former le 
passage irradie par laser au moyen de transmission 
optique. 



11. Un composite selon n'importe quelle revendication 
precedente, comportant de plus une structure d'ali- 
20 gnement encastree dans le support pour aligner un 
moyen formant interface sur le moyen de transmis- 
sion optique par le biais de la surface d'interface 
optique. 

25 12. Un composite selon la revendication 11, dans lequel 
la structure d'alignement est fournie par le micro- 
substrat. 



30 



35 



5. Un composite selon n'importe quelle revendication 
precedente, comportant de plus un moyen de loca- 40 
lisation detectable (60) agence de maniere a etre 
utilise pour localiser la position de la surface optique 

de haute qualite depuis Texterieur du support, dans 
lequel le moyen de localisation comporte un mar- 
queur de position detectable encastre dans le com- *5 
posite. 

6. Un composite selon la revendication 5, dans lequel 
le moyen de localisation est foumi par le microsubs- 
trat. 50 



7. Un composite selon la revendication 5 ou la reven- 
dication 6 tel que dependant de la revendication 4, 
comportant de plus un marqueur de profondeur (58) 
encastre dans le composite pour indiquer ou le pas- 55 
sage a ete forme a la profondeur correcte. 



8. Un composite selon la revendication 7, dans lequel 
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Fig.2a. 
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Fig. 3a. 
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Fig.4a. 
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Fig.5a. 
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Fig.6b. 
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